A study of the electrical response of detectors made from pure monolithic GaAs to MeV-energy alpha and proton radiation has been done as a function of the site of the ionization. A beam of particles was collimated to a diameter of 0.1 mm and swept across two detectors, one biased by a repeating pattern of electrodes on the front surface, the other a 1-mm cube biased between opposing faces with the electrical field normal to the beam.
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We found the charge response to single particles near the minus electrode to be three times larger than near the plus.
The detector impulse response to subnanosecond pulses of protons restore quickly near the plus electrode, but near the minus, tails appear on the pulses that persist for over a half microsecond and dominate the net signal charge. A model based on electron detrapping is discussed, and a detector design is proposed.
I. INTRODUCTION
We have previously studied the electrical output of GaAs detectors in response to MeV protons. Bunched beams have been used to drive detectors into the current made, and fast electronics have enabled measurement of impulse responses and absolute sensitivities [l] . Recently, we extended this line of investigation to measure output-charge spectra in response to individual particles. The detectors studied were made of monolithic, high-purity GaAs that was neither doped nor radiation damaged.
Two detectors were studied. One was a 1-mm cube, biased on opposing faces such that the uniform electric field was perpendicular to the incident radiation. The other detector was an "interdigitated" design, in which a repeating pattem of conductive strips, 0.1-mm wide and 0.3-mm apart, applied voltage on the surface facing the beam. Data from the two detectors were similar, as were data taken with protons and alpha particles. In this paper, proton data from the cubic detector are presented.
EXPERIMENTAL METHOD
The fxst measurements were of charge spectra in response to MeV-energy protons from the Los Alamos National Laboratory Ion Beam Facility's tandem Van de Graaff. A so that their instantaneous induced current will be 20 times that due to holes, before trapping has eliminated any carriers. The lifetimes of holes and electrons are about the same, for equal P and N impurity concentrations [3] , as is the case for this material, of sufficient purity to give electron mobility of 7600
We propose a model in which the initial part of the output, which rises and falls quickly, is due to &er motion prior to trapping, and in which the tails are due to detrapped electrons. In this model, electrons stay trapped for some time, but escape, and make a later contribution to the signal as they migrate to the next trap, etc., until they reach the positive electrode. If the positive electrode is a long way from the ionization site, this process can cause the formation of large tails on the signals. If the ionization is near the positive electrode, the electrons reach their destination before the trappingdetrapping cycle contributes. Electrons, rather than holes, dominate the effect, because the tails appear much diminished for ionization near the plus electrode, f " which holes have a long way to migrate.
Lund and Olschner [5] have developed a Monte Carlo algorithm that will predict charge collection efficiency and output pulse shape as functions of electron and hole trapping and detrapping times. Their results qualitatively confirm our model, but searches of parameter space to fit our data have not been done.
The impulse response of GaAs has been improved in the past by the introduction of traps through radiation damaging. It appears that if the density of traps is great enough, electrons can't go far enough between traps to contribute appreciably to the detector output, hence the signal practically ends with the fmt trapping. The discovery that the tails are associated with ionization near the negative electrode region of the detector suggests a simple way to get rid of them, by masking off that region of the detector. This will not shorten the response time of the initial pulse, which is about 5 ns, but will almost eliminate the tails without diminishing the primary sensitivity by more than the fraction of area left exposed, which might be about 0.1. Radiation damaging gets rid of tails, and has the added effect of shortening the time response by a factor of about a thousand, which diminishes the sensitivity by a similar factor. A masked detector might fulfill a requirement for a highly sensitive detector with a tail-free response of a few nanoseconds.
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